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Particle filter (50 particles)
obs. variance 2, resampling thresshold .3, coefficient .5
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obs. variance 2, resampling thresshold .15, coefficient .7
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obs. variance 2, resampling thresshold .5, coefficient .45
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Ensemble filter (10 members)
obs. variance 2, forgeting factor 1
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Ensemble filter (10 members)
obs. variance 2, forgeting factor .8
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Ensemble filter (5 members)
obs. variance 2, forgeting factor 1
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Ensemble filter (50 members)
obs. variance 2, forgeting factor .8
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2nd order particle filter (5 particles)
obs. variance 2, forgeting factor 1
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2nd order particle filter (5 particles)
obs. variance 2, forgeting factor .7
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2nd order particle filter (10 particles)
obs. variance 2, forgeting factor .7
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2nd order particle filter (4 particles)
obs. variance 2, forgeting factor .5
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SEIK filter
Obs. variance 2, forgeting factor 1
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SEIK filter
Obs. variance 2, forgeting factor .6
³HJ{KAb]C;y8gr"F  RTOQ?ACF e hLO]C*bWHJO]?MTS [ HJO]?ARKAO¢RfbQ{CVOQOQHJSA{MT_*O]Rb
&&Í'()+*,
xfx
zLJOQC*b!_MTSRb]" CVLL<¢RbM^?AHJLJC MPS [ Y]K [A[ CVSALJ\_*RfB-B^HOLNMPbQ{CC*b]bQRb]Y MPS [ OQ?AC*S_&MTSLJRY]C
OQbdMT_d-RPOQ?8CiO]bQKAC#Y]\lY]OQC*BY]OZMPOQCMTLJB-RfYQO7_VRB-X8LCVOQC*LJ\I>?AC#KAYQC#RPOQ?8CW1RbQ{fC*OQO]HJSA{MT_*O]Rb_MPS
szC?AC*LJXI1KAL%O]R-MTLJLJC*IHMPOQC#OQ?8HYrXAbQRfsALJC*B rKAbrYQHJBKALNMTO]HRfSAYYQ?ARTYrOQ?zMPOWHJOHJYWbZMPOQ?ACVbiC  C*_VOQHJC
OQRXAb]C*CVSlOrYQKA_d?#¡zLJOQC*bC*`I_*K8bQYQHJRfSAY$URfbWMTOLJCMTY]ObQC [ K8_*CUHJO]YBMT{fSAHJOQK [ CWMTS [
[ KAbdMTO]HRfS%
eS^OQC*b]BRTXzCVb¢RfbQBMPSA_*CuIRfKAbSAC*zLJO]C*bQYWMPbQC#_*RB^XzMTbdMTsALJCWMPS [ _*RfB-XzMPbZMPsALJC O]RUO]?AC#C*SAYQCVBsALJC
MTLJB
MTShLO]C*buhMTLJLHJOQ?"MTX8XAbQRfXAbQHNMTO]Cr¢Rb]{C*O]OQHJSA{§MP_*OQRfb7>?8CUM [ MPSIOZMT{fCWO]?ACSAC* hLO]C*bQYrHJY_*RY]O
eSO]?AHJY b]C*YQXhC*_*OO]?ACiF <ezLJO]C*b HJY7O]?ACshC*YQO&7>?ACXzMPbQO]H_VLChLO]C*buI?8RT C*fC*buf_MPSRKAO]XzC*b¡¢Rb]B OQ?AC*Y]C
zLJO]C*bQY-£1MTS [ MPLJYQR-O]?ACC*SAY]C*BsALJC;MPLJBMTS^zLJO]C*bZ¥Vu%sAK8OHJOQ?OQ?AC_*RfYQORP M^C*b]\LNMPbQ{CSIKABshC*bWRP
XzMPbQO]H_VLCVYeS OQ?AC
_MPYQC
RTWO]?AC"Rb]C*SA^B-R [ C*L_*RS8YQH [ C*b]C [ ?AC*bQCfu O]?AC-s8bQCMPXhRHJSIOYQC*CVB-YOQRszC
MPbQRK8S [ xtt8
   A

  ! 
 -	 %	!  &&(  V  &
	
 !,	&
>?AC{RIMTLHJYWO]R [ bdM&:M~YZMPB-XALJC#RT7YQHJ*C ! / 6 ¢bQRfB M BMTK8YQYQHNMPS [ HY]OQb]Hs8KAOQHJRS
HJOQ? B-CMPS c MTS [
_*RTMPbQHNMTS8_*CWB
MTOQb]HJ` e uLXVH 	EMQMQVH 
 
 IRS-O]?AC#_*RS8YQOQbdMTHJSIOQYOQ?zMPOOQ?ACrYZMPB-XALJCB-C&MTS-MTS [ _*RTMPbQHNMTSA_VC
B
MTOQb]HJ`CVlKhMTLC*`AMT_*O]L\ c MPS [ e MPS [ RSYQRfB-CRO]?AC*bLJHJSACMPbi_VRSAY]OQbZMPHJSlO]Y"
RfbQCXAb]C*_*HJYQCVL\IuOQ?AC
RfsAOZMPHS8C [ YZMTB^XALJC !' u&&u  #)$ ' uIBKAY]O YdMTO]HY¡¢\
6! /d6
#)$ '
+@4 '  +  dcd)
6! /#6
#%$ '
+@4 ' Q + k cm  + k cm n  e4 £Ù°UJv¥
j Q ' k cm O8O8O   #)$ ' k cmop   £Ù°UÊx¥?ACVbQC  HJY M{fHfC*S-B
MTO]bQHJ`URP! / 6 bQRTY
¦ HO]?ARK8OWLJRY]YiRP {CVSAC*bZMPLJHO\Iuh CBM&\
MTY]YQKAB^COQ?zMPO c   uY]HS8_*CUsI\M [A[ HJSA{
M-_VRSAY]OZMTSIO#OQR
O]?AC#YZMTB^XALJC C#_MPSM [ cdKAY]O HJOOQR?zM&C#MTSI\B-CMPS%%³8KAbQO]?AC*b&uAOQ?8CWhbQYQO_VRSAY]OQbZMPHJSlORT£N°v¥MTS [ OQ?AC
_*RfSAYQO]bZMPHSIO£N°ixf¥_MTS
shC#{bQRfKAXhC [ HSIO]R
j  ' O8OO
 #)$ ' p )   

 6  6

   £Ù°UÊk¥
,C*O"!  shC#OQ?ACrbZMTS8RT e uIOQ?8C*S-RfSACWB
M&\ [ C*_*RfB-XhRY]CWHJO HJSIOQR!OQ?ACr¢RfbQB   n ?ACVbQC  HYMr¢K8LL
bdMTSA"B
MTO]bQHJ`-?zM&IHJSA{8!  _VRLJKAB-S8YFIHJSA_*C !' u7&&u  #%$ ' MTb]CUb]CMTLJHJMTO]HJRSAY#RTM-bdMTS [ RBCV_*OQRfb ?zM&IHJSA{#*C*b]RB-C&MTSUMPS [ _VRTMTbQHNMPSA_*CBMPOQb]H` e ufOQ?8C*\UBK8YQO%LJHJCRSOQ?ACrLHJSAC&MTb%Y]XzMT_VCWYQXhMTSASAC [ sl\!OQ?AC
_*RfLJKAB-SRP WeS [ C*C [ uzMPSl\CV_*OQRfbRbQO]?AR{fRSzMPLAOQROQ?8Ci_VRLJKAB-S8YRP  BKAYQO7shCiMPLJYQRRfbQOQ?8R{RfSzMTLhOQR
O]?AC  + uIY]HJSA_*CWHJO]Y Y]_MTLNMTbXAb]R [ KA_*OHO]?  ?hMTY*C*bQRB-C&MTS-MTS [ MTbQHNMPSA_*C>?IKAY&u  B
M&\shCWbQHJO]OQC*S
HJSOQ?8C¢RfbQB  : ?AC*b]C : HJY M#_VC*bQOdMTHJS-bdMTS [ RfB+fC*_*OQRfb RP VC*bQRB-CMPS MPS [ KASAHJO_*RTMPbQHNMTSA_VCBMTO]bQHJ`u
Y]HS8_*CHJOiCVlKhMTLJY   nb %('  n! uHJOiHJY#_*LJCMPbiO]?zMTO : ?zMPYiVC*bQR"B^CMTSMTS [ KASAHJOW_VRTMTbQHNMPSA_*CBMTO]bQHJ`
vQw&(vQx
xk
>?IKAY&uHJO7Y]K -_*C*Y7O]R [ bdM&M#YdMTB-X8LC : ' uh&&u : #)$ ' _*RfS [ HJOQHJRfSzMTLJLJ\¢b]RB±OQ?ACaBMPKAYQY]HNMTS [ HJYQOQb]HJsAKAOQHJRfSRP<VC*bQRB^CMTS
MTS [ KASAHJO_*RTMTb]HNMTSA_*C#B
MTOQb]HJ` ufYQK8scdC*_*OrOQROQ?8Ci_VRSAY]OQbZMPHJSlO]YWO]?zMTO
j : ' O8OO
: #)$ ' p  -)
6! /#6
#)$ '
+ 4 ' : + : n+   4 £Ù°U Dl¥
>?ACVS"OQ?AC [ CVYQHJbQC [ YZMTB^XALJCWHJYYQHJB^XALJ\  : ' u&  : #%$ ' >?8CzbQY]O_*RSAY]OQbdMTHJSIO7HJS"£N°U DI¥B-CMPSAY7O]?zMTO7O]?ACWb]RTY fC*_*O]RbQYRT j : ' O8O8O : #)$ ' p szC*LJRfSA{OQR!OQ?ACLJHJSACMPbWYQXhMT_*CRT MTLJLC*_*O]Rb]YiHJS
e g #)$ ' Rb]OQ?ARf{RShMTL%O]R-O]?AC_*RfLK8B-SAYRP  >?IKAY&uzLJC*O]OQHJSA{   ' u&&u
  # % #   szCUMPS-RfbQOQ?8RSARfbQBMPLzshMTYQHJYRPOQ?8HYY]XzMT_VCuhOQ?AHJY_*RSAY]OQbdMTHJSIOQYWHJB^XALJHCVY7OQ?zMPO

:n '
:n#)$ '

  j   ' OO8O   # % #   p


  n '
  n# % # 




:Rn '
:n#)$ '

  j   ' O8OO   # % #   p 
¦HJO]?ARKAOOQ?8C-_*RfSAYQO]bZMTHJSIO"£N° Dl¥*uO]?AC
C*LJC*B-CVSlO]YURPWOQ?AC
B
MTOQb]HJ` j : ' O8O8O: #%$ ' p MPbQC
YQHJB-X8L\ HS [ CVXzC*S [ C*SIOYQOdMTS [ MPb [ SARfbQB
MTL#MTb]HMPsALJC*Yu#?8C*SA_*CuO]?AC_*RfLJKAB-SAY^C*_VOQRb]YRP-OQ?ACB
MTO]bQHJ`   
j   ' O8OO   # % #  pn j :!' O8O8O : #)$ 'Spn MTbQC
HJS [ CVXzC*S [ C*SIO
bZMTS [ RB B!MTKAY]YQHNMTSCV_*OQRfbQY-HJSe g # % #  HJOQ? *C*b]RB^CMTSMPS [ KASAHJO_*RTMTb]HMPSA_*CB
MTOQb]HJ` 
>?8Czb]YQO_*RfSAYQO]bZMTHJSIOHS£Ù°U Dl¥;YQHJB-XALJ\"HJB^XzRfYQC
O]?zMTOO]?ACBMPOQb]H` j :!' O8OO$: #%$ 'pn BK8YQOWCVlKhMTL j   ' O8OO   # % #  p  u%sAK8OiO]?AC-bdMTS [ RB B
MTO]bQHJ` Y]OQHJLJL7?zMPYUO]?AC-YdMTB-C [ HJYQO]bQHJsAKAO]HJRSMTYshCd¢Rb]CuOQ?hMTOHY!OQ?AC*HJbC*LJC*B-CVSlO]YUMTb]C-HJS [ CVXzC*S [ C*SIOYQOdMTSI
[ MPb [ SARfbQB
MTL%MPbQHNMTs8LCVY>?8CYQC*_*RfS [ _*RfSAYQO]bZMTHJSIOHJS£Ù°U Dl¥Vu%?ARTC*fC*buHJB^XzRfYQC*Y#OQ?hMTO#OQ?ACB
MTO]bQHJ`
   ?5 ! /#6 YZMTO]HJYzC*Y n    uh?AHJ_Z? _MTS"shCYZMTO]HJYzC [ RS8L\
H¨! k !    0!  uhYQHJSA_*C ?zMTYY]HVC  ! k !    !  >?IKAYOQ?8CX8bQRs8LCVB b]C [ KA_VC*Y-O]R [ bdM&HJSA{MTS HLMT3V W 	¤bZMPS [ RB¤RfbQOQ?8R{RfSzMTLB
MTOQb]HJ` uf?AHJ_d?
 C [ CdzSACUMPYWMbZMPS [ RB BMTO]bQHJ`RshC*\IHJSA{OQ?AC_VRS [ HJO]HRfSzMTL(B!MTKAY]YQHNMTS [ HJYQOQb]HJsAKAOQHJRfS
HJOQ?CVLCVB-C*SIOQYshC*HJSA{HJS [ CVXzC*S [ C*SIO Y]OZMPS [ MTb [ SARb]BMPLlMPbQHNMTs8LCVYY]KAscdC*_VOQC [ OQR#O]?ACW_*RfSAYQO]bZMPHSIO7O]?zMTO
HJOQY!_*RLJKAB^SAYiMPbQCRTKASAHJO#SARb]B MTS [ RfbQOQ?8R{RfSzMTL7MPB-RS8{-OQ?8C*B-Y]C*LJC*Y&U>?8C [ HJYQOQb]HJsAKAOQHJRfS"RTYQKA_d?
B
MTOQb]HJ`-HJYW_MPLJLC [ KASAH¨¢RfbQB szC*_&MTKAY]CHOrHJYWHJSIMTbQHNMPSlOHJO]?"bQC*Y]XzCV_*OOQR^Rb]OQ?ARf{RShMTL%O]bZMPSAY¢RfbQB
MTOQHJRfS%
H¨ HJY MPS
KASAH¨¢Rb]BbZMPS [ RfBRb]OQ?ARf{RShMTLBMPOQb]H`OQ?8C*S
YQRHJY	
 uI¢Rfb MPSI\-Rb]OQ?ARf{RfSzMTLhBMPOQbQHJ`

¦CSARTXAb]RXhRYQC#MTSC -_VHCVSlOB-CVOQ?AR [ OQR [ bdM&MTSKASAH¨¢RfbQB±bZMTS [ RB Rb]OQ?ARf{RfSzMTLAB
MTO]bQHJ` ,C*O
 szCM!YQKA_d?M!BMPOQb]H`ufRTYQHJ*C  ! k !   !  7prC*SARO]C#sl\ ^ # % #  HJOQYLNMTY]O_*RLJKAB^S%>?AHJYCV_*OQRfbHYKAS8H 1RbQB^LJ\ [ HJYQOQb]HJsAKAOQC [ RTfC*b%O]?AC K8SAHJO%YQX8?AC*bQCRPze g # % #   RfSAYQO]bQKA_VO<M  ! k !     ! k !   k 68 B
MTO]bQHJ`  ^ # % #   ?AHJ_d?-_*RfB-XALJC*O]C*Y7HJO O]R1RbQB MTS-RfbQO]?ARSARfbQB
MTLAB
MTOQb]HJ` ,>?AHJY B^CMTSAYOQ?zMPO O]?AC#_*RLJKAB^SAYRP  ^ # % #   1RbQBMshMTYQHJYrRT7OQ?AC!RbQO]?AR{fRSzMPL%_*RfB-XALJC*B^C*SIO O]ROQ?ACLJHJSACMTbY]KAsAY]XzMT_*CY]XzMTS8SAC [ sI\^ # % #  >?IKAYRfSAC#_MTS bQHJOQCMPY j   ^ # % #    # % #  %(' ^ # % #  p ?AC*b]C # % #  %-'    ^ # % #  on HJYOQ?AC
BMPOQb]H` ?ARY]C_VRLJKAB-S8Yi_VRSIOZMPHS OQ?AC
_*RIRfb [ HJSzMPOQC*YRT#OQ?AC^_*Rb]bQC*Y]XzRfS [ HJSA{_*RfLK8B-SAYRP
b]C*LNMTOQHJfCiO]RUO]?ACMTshRTCrszMTY]HY&eO _&MTS
szC#Y]C*C*S
OQ?zMPO	 # % #  %(' HJYM  ! k !   k 68   !  k 6 KASAH¨¢RfbQBbdMTS [ RfB¤RbQO]?AR{fRSzMPL7BMPOQb]H`uhHJS [ C*XhC*S [ C*SIORT_^ # % #   "F HB^HJLMPbQL¨\lu8LCVOf^ %(' szC^OQ?AC~zbQY]OU_VRLJKAB-SRP # % #  %(' MTS [   ^ # % #  %-'  shC M  ! k !   k 68  ! k !   k 2& BMTO]bQHJ`?AHJ_d?"_*RfB-XALJC*O]C*YWHJOOQR¢RfbQBMPSRb]OQ?ARfSARb]BMTL8BMTO]bQHJ`>?AC*S
MT{IMTHJS # % #  %('  j   ^ # % #  %('   # % #  % l ^ # % #  %(' p ?8C*bQC # % #  % l HYMTS  ! k !   k 2+ C !  k 2& K8SAH¨¢Rb]B+bZMPS [ RfB RfbQO]?AR{fRSzMPLABMPOQbQHJ`%RfSlO]HJSlK8COQ?AHJY M&\IuRfSAC#{C*O]Y
   j   ^    +%-' ^  p £Ù°UÊm¥
&&Í'()+*,
xPD
?ACVbQCf^  HYWM!KASAH¨¢RfbQBbdMTS [ RBfC*_*OQRfbWRfSO]?AC#KASAHJOYQX8?AC*bQC!RTe g  u   ^   M     k 6 B
MTO]bQHJ`?AHJ_d?-_VRB-X8LCVOQC*Yb^  OQR!¢Rb]B MTSRfbQO]?ARSARfbQB
MTLIBMPOQbQHJ`UMPS [   HJY M  C  k ! / !  / ! Q KASAH¨¢RfbQBbdMTS [ RfBRfbQO]?AR{fRSzMPLzB
MTOQb]HJ` 
>?8CXAbQRI_*C [ KAbQC1Rb [ bdM&HS8{HJYWshMTYQC [ RS"O]?ACUMPszRTfCbQC*_VKAbQb]C*SA_*CuHJS
OQ?8CbQC*fC*bQY]CRb [ C*buhRP
HJSA_*b]CMTY]HJSA{   rSACYQOdMTb]OQYHJOQ?  # % #  % #   $ ' ?AHJ_d?"HJYiM~_*RLJKAB^SB
MTO]bQHJ`-KAS8H 1RbQB^LJ\ [ HJY]OQbQHJsAK8OQC [
RTfC*bOQ?AC#KAS8HOYQX8?AC*bQC!RTe g # % #  % #   $ ' £NH¨ !  ! +/ !   uIO]?AHJY b]C [ KA_*CVYiO]R M!bZMPS [ RfBSIKABszCVb OdMTIHJSA{
O]?ACMTLJKACVY 6 HJOQ?
XAbQRfszMTs8HLJHJO\ 6@?&2 CMT_d?z¥V>?AC*S"RfSAC_*RfSAYQO]bQKA_*O]Y  ¢Rfb   ! k !  k !  />2 u&&u/! k !   sl\£N° mf¥*uhCMP_Z? OQHJB-C [ bdM&HS8{-MKASAH¨¢RfbQB bZMPS [ RB CV_*OQRfb ^  RfS"OQ?AC!KASAHJOWY]XA?AC*b]CURPe g  7³HJSzMTLJLJ\luPOZMTfCO]RUshC  # % #  >?8CUMTshRTCB
MTO]bQHJ`  O  _&MTSMPLY]RszCKAY]C [ OQR^{C*S8C*bZMPOQCMTS"RfbQOQ?8RSARfbQBMPLszMTY]HJYWRT7O]?ACLJHJSACMTb
Y]XzMT_*CRP MTLJL#CV_*OQRfbQY
HJS4e g #)$ ' Rb]OQ?ARf{RfSzMTL#OQR OQ?AC_*RfLK8B-SRT   >?8CH [ CM HJYO]R_*RfSAYQO]bQKA_VO
b]C*_*KAb]YQHJC*LJ\O]?AC"fC*_*OQRfbQYA^ #%$ ' u&&ub^ #)$ 'Z% #   uYQK8_Z? OQ?zMPOMTO^OQ?AC YQOZMP{C]u£  
  
 !   ¥*u OQ?AC_*RfLJKAB-SAY!RT	  ^ #%$ 'OO8O   ^ #)$ 'Z%  ¢RfbQB M szMTY]HYRPWOQ?AC
LJHJSACMPbUY]XzMT_*C
RP;MTLJLC*_VOQRb]YHJSe g #)$ 'RfbQOQ?8R{RfSzMTLO]R / 6 [ HJYQOQHJSA_VOi_VRLJKAB-S8Y ; u7&&u	  RT  #°O#OQ?8Czb]YQOY]OZMP{C
£
   ¥VuHJOWHJY#_*LJCMTb
O]?zMTORfSAC_MTSOdMTC^ #)$ '   ; ?  ;  ?AC*bQC ; HJYMTSI\"_*RfLJKAB-S"RP  FIKAXAXhRY]CSART+O]?zMTO ^ #)$ ' u&&uL^ #)$ 'Z%  ?zM&fCUshC*C*SRsAOdMTHJSAC [ YZMTO]HJY¢\IHJSA{OQ?8C MPszRTfCbQC*IKAHJb]C*B-C*SIO&#>?AC*S"O]?ACUfC*_*O]Rbr¢Rb#MTSI\fC*_*OQRfb  $ ' u
j   ^ #%$ ' O8OO   ^ #)$ 'Z%   p j   ^ #%$ ' O8O8O   ^ #)$ 'Z%   p n   $ 'HJY
SARRO]?AC*b
OQ?zMPS4HJO]YRfbQO]?AR{fRSzMPLWXAb]RcdC*_*O]HJRS RSIOQROQ?8CLJHJSACMPb-YQXhMT_*CRP MTLJL#C*_VOQRb]Y"HJSe g #)$ '
RfbQOQ?8R{RfSzMTLOQR ; u&&u  r?ARIRYQC  $ ' O]RszCM_*RfLK8B-S-RP  Y]KA_d?"OQ?zMPOWO]?ACUMTshRTC!XAbQRc C*_*OQHJRfSHJYSARfO*C*bQR£N?AHJ_d?
HJY _*LJCMPbQLJ\-XhRY]YQHJsALJC#H¨ !   ¥VuIYQRO]?zMTORfSAC#_MTS
SARfbQBMPLJHVC [ O]?AC#C*_*O]Rb
j   ^ #)$ 'ROO8O   ^ #%$ 'Z% op n   $ '   n  ^ #)$ 'Z%  O8O8O  n  ^ #)$ '   $ '
O]RU{fC*OWM#CV_*OQRfb_^ # %  RT%K8SAHJO SARfbQB>?AC*S
YQHJSA_VC j   ^ # %   ^ # %  p HYMTSRfbQO]?ARSARfbQB
MTLAB
MTOQb]HJ` uPOQ?AC_*RfLJKAB-SAYrRT j   ^ #)$ ' ROO8O   ^ #)$ 'Z%  op j   ^ # %   ^ # %  p _*LJCMPbQLJ\MTLJY]R¢RfbQB MTSRb]OQ?ARf{RfSzMTLszMPYQHJYWRPO]?ACLJHJSACMTbY]XzMT_VCRT MTLJLfC*_*OQRfbQYrHS
e g #)$ ' RbQO]?AR{fRSzMPLOQR ; u&u  KAOr CMTLJb]CM [ \^ISART4O]?zMTO
O]?ACLNMTYQO#_*RfLJKAB-S"HJY#XAb]RXhRbQO]HJRSzMPL7OQR
OQ?8CRbQO]?AR{fRSzMPLXAbQRc C*_*OQHJRfSRT  $ ' RSIOQR
O]?ACLJHS8CMTb#YQXhMT_*CRPMPLJLC*_*O]Rb]YWHJS-e g #)$ ' RbQO]?AR{fRSzMPLOQR ; u&&u  uAOQ?8C*bQCd1RbQC!OQ?ACRfOQ?ACVb_*RLJKAB^SAYuIO]?zMTOWMPbQC#OQ?ARfYQC
RP  ^ #)$ 'O8OO   ^ # %  uA1RbQB MPS"Rb]OQ?ARf{RfSzMTLszMTY]HY#RP OQ?ACLJHJSACMTbrYQXzMP_*CRT MPLLfC*_*OQRfbQY#HJS"e g #)$ 'RfbQOQ?8R{RfSzMTLO]R ; u%&&u  $ ' >?AHJYYQ?ARTYrOQ?zMPOOQ?AC!C*_*O]Rb ^ # %  YZMPOQHJYhC*YWO]?ACbQCVlK8Hb]C*B-CVSlO& rSAC_*RfSIOQHJSIKAC*YO]?AHJYiM&\
KASIOQHJL  !   u%MPOiO]?AHJY#YQOZMP{CMTLJL_*RLJKAB^SAYWRP  shC*LJRSA{fYiO]R
OQ?ACLJHS8CMTb#YQXhMT_*C
Y]XzMTSAS8C [ sI\ ; u%&&u #   eS
Y]KAB-B
MTbQ\IuMPS"Rb]OQ?ARfSARb]BMTLhszMPYQHJYRT7OQ?8CLJHS8CMTbrYQXzMP_*CRT MPLLfC*_*O]RbQY#HJS
e g #%$ ' RfbQOQ?8R{RfSzMTL
O]ROQ?AC_VRLJKAB-SRP  HJY{HJC*S^sI\-OQ?8C_*RLJKAB^SRT7OQ?8CiB
MTO]bQHJ`  ^ #%$ ' O8OO   ^ #)$ 'Z% #    ?AC*bQC!OQ?AC^ #)$ ' u&&u+^ #)$ 'Z% #  MTbQC#_*RfB-XAK8OQC [ bQCV_*KAbQY]HJC*LJ\"MTY¢RfLJLRTY&
[S\]87 HLMQM 
7M:9QMQVH a<H_d-M!SARS^*C*b]R_*RLJKAB^SRT%OQ?8CiB
MTO]bQHJ`  MTS [ SARb]BMPLHJ*CHJOOQR{C*O^ #%$ ' MTS [[ C*SARfOQCsI\  ; O]?AC#BMPOQbQHJ`!¢Rb]B-C [ sI\OQ?ACb]C*BMPHJSAHJSA{_*RfLK8B-SAY&
[S\3\S] X WSKMQVH 1Rb   uh&u!   k 6 uIXAHJ_d-MS8RS-VC*bQR_*RfLJKAB-SRPOQ?8CiB
MTO]bQHJ`  na ^ #)$ 'Z% ,   MTS [ S8RbQB
MTLJHJ*CHOOQR{fC*Ob^ # %  MTS [[ C*SARfOQCWsI\   $ '  OQ?8CWBMPOQb]H`r¢RfbQB^C [ sI\OQ?ACrbQC*B
MTHJSAHJSA{_*RLJKAB^SAY
vQw&(vQx
xm
°OOQ?ACLNMTY]O7YQOdMT{fC£
  !   k 6 ¥*ufOQ?8CWBMPOQb]H`  #    HJLJLAshCWM#SIKALJLABMPOQbQHJ`£NRfb MTSCVB-XAO\B
MTO]bQHJ`H¨  ?zMTY"!  /16 _VRLJKAB-S8YZ¥*>?IKAYOQ?AC#MTshRTCWX8bQRI_*C [ K8bQCMTLJYQR!XAbQRTIH [ C*YMB^CMTS8Y7OQR [ C*O]C*bQB^HS8COQ?AC
bdMTSA^RT  
rSA_VCf^ #%$ ' u%&&uE^ #%$ '.% #  ?hM&C#szCVC*S_VRB-X8KAOQC [ MPYiMTshRTCfuARS8CBM&\RfsAOZMPHS
O]?ACCV_*OQRfbQY : ' u&&u : #)$ ' MPYO]?ACbQRTYRTzO]?ACBMPOQb]H`   ^ #%$ ' O8OO   ^ #)$ 'Z% #    ^7gC*_MPLJLOQ?hMTO   # % #   u&?AC*S8_*CO]?AC-LNMTY]OBMPOQb]H`
HJYSAR ROQ?8C*bUO]?zMTSO]?AC-B
MTO]bQHJ`^¢Rb]B-C [ sI\O]?ACzb]YQO !  _VRLJKAB-S8YWRTWO]?AC-B
MTO]bQHJ`
 #)$ ' RsAOdMTHJSAC [ sI\-_VRSIOQHJSIKAHJSA{OQ?AC#bQCV_*KAbQY]HJRS£N°UÊmf¥7KAX
O]R   ! /#6 ²WRfOQC#OQ?hMTOOQ?8CbQC*B
MTHJSAHJSA{!  E/d6 _*RfLK8B-SAY7RP  #%$ ' ¢Rb]B M!szMPYQHJYRTOQ?ACLJHJSACMPb Y]XzMT_VCYQXzMPSASAC [ sl\O]?AC_*RfLJKAB-SAYRT  eO^bQC*B
MTHJSAYOQR _*RSAY]OQb]KA_*O"O]?AC"BMPOQb]H`   ^ E  ° YQHJB-XALJC^ M&\HJYOQR KAYQCOQ?AC WRK8YQC*?ARfL [ C*b
B
MTOQb]HJ` uAMPbQHJYQHJSA{1bQRB OQ?AC CVLLISARTS WRK8YQC*?ARfL [ C*bWO]bZMPSAY¢RfbQB
MTOQHJRfS%>?AC rRKAY]C*?ARL [ CVbiB
MTO]bQHJ`
MPYQYQRI_*HNMPOQC [ HJO]? M!CV_*OQRfba^   e g  RT7KASAHJOSARb]BufHJY{HJC*S^sI\
 k
6
6b/>9   ( 


 '%( 
 &%('%( 
  (  /19

 j  '%(  OO8O  &%('%(    (  />9 pL)
?ACVbQC 9a  6 MPS [  '%(  &   (  MTb]COQ?8CiCVLCVB-C*SIOQYRPb^  £J¢RfbszC*Y]O#SlK8B-C*b]H_&MTLMT_*_*K8bZMT_V\lu8 COdMTfC9 OQRshCOQ?8CYQHJ{S
RP   (  ¥*7>?8HYB
MTO]bQHJ`HJYRbQO]?AR{fRSzMPL%MTS [ M [ B-HJOQYMTYLNMPYQO_*RfLK8B-S k 9 ^   >?IKAYRfSACUB
M&\OZMPCUMPY   ^  OQ?ACBMPOQbQHJ` [ C zSAC [ sI\O]?AC!zbQY]O  k 6 _*RLJKAB^SAYRT O]?ACUMTshRTC!BMTO]bQHJ`>?ACM [ MPSlOdMT{fCWRTOQ?AHJY_d?ARfH_VCiHJYO]?zMTOBKALJO]HX8LHJ_MPOQHJRTSHO]?"M rRKAY]C*?ARL [ CVbWBMPOQb]H`HJYC*b]\§MPYQO&
  
KAbQ{fC*bQY&u B~uhMPS ,C*KAKAfC*S%uah%MTS [ C*S8YQC*S%u-B£Qvnfnwf¥°WShMTLJ\IYQHJYWY]_Z?8C*B-CHJS"O]?ACSAYQCVBsALJC
MTLJBMPSzLJOQC*b&L
	fZ& 8Nuvo8vn  vofxTDz
prC*L  RbZMPLu%a²WRT\fC*buz#ugHJ{lMPL§uBMPS [ F8MTLJKAOu-B £]vnnfm¥#g VYQRLJKAO]HJRS"XzMPbQO]H_VKALNMTHJbQCC*OO]bZMTH¨
OQC*B^C*SIO#SARSILJHJSMTHJb]C [ KY]HJ{SzMPL§MPXAXALJHJ_MTO]HJRSgrM [ MPbF RSzMPb
£¢aMTb]OQHJ_*LJCbQCVYQRLJKAO]HJRSMTS [
SARS §LJHJSACMPbY]HJ{SzMPLAXAbQRI_*CVYQYQHJSA{HJOQ?-g °ip°#gfFr²W°igMPXAXALJHJ_MTO]HRfSAYZ¥ W8M	 ZH  	EM
H 
uzv&xAuIDzuAxfwo  kt8v
prC*L%
RfbZMPL§ufalMPS [ FAMPLJKAOuEBh£Qvnfnmf¥7³HLJO]bZMT{fCSARS §LJHJSMPHb]Cb*YQRfLK8OQHJRS^XzMTb]OQHJ_*KALNMTHJb]CLNM
RfSIOQCd
MTb]LRhg °iF
kxftUF *bQHJC#e*u%vfv*Dlo  vfvmx8
fC*SAY]C*SmB£Qv&nnTDI¥WFICVlK8C*SIOQHNMTL [ MTOZM^MTY]YQHJB-HJLNMTO]HRfS-HJOQ?M-S8RSILJHS8CMTbrlKhMTYQH¨{C*RfYQO]bQRX8?AHJ_B-R [ C*L
KAYQHJSA{
RfSlO]CdQMTbQLJRB-C*O]?AR [ YOQR!¢Rb]C*_MTY]OWC*b]bQRfbYQOZMPOQHJYQO]HJ_*Y_  !"#%$&_'$Nu()(£¢mf¥*u
vt8uv*Dlk  v&tAuhvyx8
fC*SAY]C*S B£]vnnfo¥° [ MTS8_*C [
[ MTOdMUMPYQY]HB^HJLMPOQHJRS!HS^YQO]bQRS8{LJ\-SARfSALJHJSACMTb [ \ISzMPB-HJ_*YL
	fZ&
_%Nu))*%uv&kTDlx  v&kmTDh
fC*SAY]C*S BJuMTS4,C*C*KI CVS%uia+z#£Qv&nnPDl¥°rYQY]HB^HJLMPOQHJRSRP B#C*RfYQOdMTO-°rLJOQHJB-C*O]C*b-p#MTOdM¢RfbOQ?AC
°W{fKALJ?zMTY%KAb]bQC*SIOKAYQHJSA{O]?ACSAY]C*BsALJCMTLJBMPL ³HJLJOQC*bHJOQ?M&,rKzMPYQH¨*B;C*RY]OQbQRfXA?AHJ_7
R [ C*L
-.L
	 .&&_8N/uAwm  nfyABMPKAOQ?8HCVbuIaufRKAb]OQHJC*b aMPS [ 
RfLLua8£Qvnfnkf¥%°rYQY]HB^HJLMPOQHJRS#RP Y]HBK8LMPOQC [ HS [ LH [ MPb [ MTOdMWHJO]?
MMTLJBMPSzLJO]C*bL0	fZ+ 8Nu)1uvwftk  vwfxtAB#?8HLuIzMPS [ aA"MTShMTLJRO]OQCdQgHJ**RfLJH£]vnn8v¥p#MTOZMMTY]YQHJB-HJLNMTO]HJRSHS^B-C*O]C*Rb]RLJR{f\ MPS [ RI_*CMTS8R{bdM&
XA?I\l324.8.5Z6$879:_  !"#%$'7956$ uhxk8uv*Dzv ¡xfym8
&&Í'()+*,
xfy
#KAY]?ASAC*b&u U!£Qvnfyof¥-°rXAXAb]RT`lHJB
MTOQHJRfSOQRRfXAOQHJBMPLWSARfSALJHJSACMTb~zLJOQC*b]Y ,. $  2
	E  
 .L Juz|r¬%uAmPDly  mmfyA
,RbQCVSAu I²U£Qv&nykf¥ prC*O]C*bQB^HJSAHJYQOQHJ_rSARSIXhC*bQHJR [ HJ_ zRTY&E12  $ 5%7Q uvkt  vVDzv

HJLJLJC*bug²uB#?AHJLu 7MPS [ BMTK8OQ?AHJC*u³£QvnfnTDI¥° [ MTSA_VC [[ MTOdMMPYQYQHJB^HLNMPOQHJRSHJSYQO]bQRfSA{LJ\
SARS8LHJSAC&MTb [ \ISzMTB^H_&MTLhYQ\IYQO]C*B-Y&&12 8 $)57Q#u*  uv&tkfo  v&tmfyA
e [ C^u°U³   C*S8SAC*OQO&u a%RfKAbQO]HJC*bu7-B#?AHJL MTS [ ° #Rb]C*SA_£Qvnfnmf¥ rSAH¨zC [ SARfOZMPOQHJRS ¢Rb
[ MTOdM#MTYQY]HJB-HJLNMTOQHJRfS%IRXhC*bZMPOQHJRShMTLuTYQCVlK8C*SIOQHNMTLzMPS [ MTbQHNMPOQHJRSzMPLzFIKAs8B-HJOQO]C [ O]R#OQ?AC E 8o
%5 E !L.A
a?hMTB+p*>I£Qv&nnfy¥h°F HS8{KALNMTb <RLJKAO]HJCeSIOQC*b]XzRfLMPOQC [ ;MPLJBMTS#³HLJO]C*b¢Rfbp#MTOdM°WY]YQHJB-HJLNMTO]HRfSHJS
r_*CMTS8R{bdMTXA?I\I%>C*_d?AS8H_&MTL%gCVXzRfbQOuAa<bQRcdCV_*Oe [ RX8O e²#ge°Q²igrFuIg> vyk8uFIC*X8OQC*BshC*b
vnfnyA
a?hMTBuAp >+£]vnnfo¥prHB^C*SAY]HRfS%uIabQC [ H_VOZMTs8HLJHJO\MPS [ gC [ KA_*C [ grMTSAMPLB
MTS-³HJLJOQC*b]HS8{HS"p#MTOdM
°WY]YQHJB-HJLNMTO]HRfS%abQRI_*C*C [ HJSA{-RP<O]?ACO]?AHJb [ sAHJLNMTOQCVbZMTL³Ab]C*SA_d?IQgKAY]YQHNMTS
_*RfSI¢C*b]C*SA_*CfWabQC [ HJ_d
OZMPsAHJLHJO\RT°OQB-RfYQXA?8C*bQHJ_MTS [ r_*CMPSAHJ_Hb]_*KALNMTO]HJRSAY&²iMTS8_*\luAn  vfvW°rXAbQHJL7£]vnnfo¥
a?hMTBupU >Ju7CVbQbQRfS%u3zJu!B#RK8b [ CMPK%u77£QvnfnwfM¥#³HLJO]bQC*Y [ C-MTLJBMPS"YQHJSA{fKALJHJC*bQY VRLJKAO]H¨ XhRKAb
L MPYQY]HB^HJLM&O]HJRS [ C [ RS8S*C*Y#C*SRI_ *SARf{bZMPXA?AHJCbV 	 <" ZK  ZH 	K  X 5XZM FI_*HJC*SA_*C [ C
LNMO]C*bQb]CC*O [ C*YWXALNMPSA@*OQb]C*Yu)uAxmm  xfyt
a?hMTB p>Ju1zC*bQb]RS%u3h%MTS [ g RKAshMTK [ u%#7£]vnnfwTsz¥V#°FIHJSA{fKALNMTb RfLJKAOQHJC`IOQCVS [ C [
MTLJBMPS-³%HJLJOQCVb¢Rbp#MTOZM!°WY]YQHJB-HJLNMTO]HJRSHS r_*CMPSAR{fbZMPXA?I\l%uAk8uIDzuAkfxk  kTDItA
FIHJLJCVbQBMPS%u#7¦±£Qvnfwyf¥  HLKMJI KQM 	  QMQV HmT3V W  QMK MX K H 	  H 
JILKMK RS [ RS%
?zMTX8BMTS iMPLL
vQw&(vQx
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